data from 2000 showed progress in some areas but the growing contribution of obesogenic behavior (poor diet and physical inactivity). Despite controversy over the methods used to derive the attributable numbers of deaths and the validity of their estimates, especially in the article by Mokdad et al., the findings of both articles have been influential, are frequently cited and debated in the peer-reviewed literature, 3---12 and have been cited in discussions of national public health priorities. 13 In a 2004 editorial accompanying the article by Mokdad et al., McGinnis and Foege noted that although it is also important to better capture and apply evidence about the centrality of social circumstances to health status and outcomes . . . the data are still not crisp enough to quantify the contributions [of social circumstances] in the same fashion as many other factors. 14(p1264) In the past 15 years, there has been growing interest in the social determinants of health, and several proposed frameworks describe the effects on individual and population health of social factors at multiple levels, including behavioral factors, features of an individual's social network and neighborhood, and social and economic policies. 15, 16 Numerous studies have demonstrated a link between mortality and social factors such as poverty and low education. Although the proposed causal chain linking adverse social factors to poor health is complicated, the evidence points to mechanisms including risky health behaviors (e.g., smoking), inadequate access to health care, and poor nutrition, housing conditions, or work environments. 17---20 Social relationships have also been linked to mortality, as social ties influence health behaviors and social support buffers against stress, which in turn affects immune function, cardiovascular activity, and the progression of existing disease. 21, 22 Negative social interactions, including discrimination, have been linked to elevated mortality rates, potentially through adverse effects on mental and physical health as well as decreased access to resources. 23, 24 Finally, characteristics of one's residential environment may influence mortality through investment in health and social services in the community, effects of the built environment, and exposure to violence, stress, and social norms that promote adverse health behaviors. 25---28 To date, few studies have provided population estimates of deaths attributable to social factors. For example, 1 study estimated that over 1 million deaths from 1996 to 2002 would have been avoided if all adults in the US population had at least a college education. 29 Other studies have estimated attributable fractions for mortality of 2% to 6% for poverty (depending on the year and data source), 30,31 9% to 25% for income inequality (depending on age group), 32 and 18% to 25% for low neighborhood socioeconomic status (depending on gender and racial/ethnic group). 33 Building on these previous efforts, we aimed to estimate the number of deaths in the United States attributable to social factors, using a systematic review of the available literature combined with vital statistics data.
METHODS
To calculate the number of deaths attributable to social factors in the United States, we first estimated the relative risk (RR) of mortality associated with each social factor and obtained an estimate of the prevalence of each social factor in the United States. These estimates were used to calculate the population-attributable fraction of mortality for each factor, which Objectives. We estimated the number of deaths attributable to social factors in the United States.
Methods. We conducted a MEDLINE search for all English-language articles published between 1980 and 2007 with estimates of the relation between social factors and adult all-cause mortality. We calculated summary relative risk estimates of mortality, and we obtained and used prevalence estimates for each social factor to calculate the population-attributable fraction for each factor. We then calculated the number of deaths attributable to each social factor in the United States in 2000.
Results. Approximately 245 000 deaths in the United States in 2000 were attributable to low education, 176 000 to racial segregation, 162 000 to low social support, 133 000 to individual-level poverty, 119 000 to income inequality, and 39 000 to area-level poverty.
Conclusions. The estimated number of deaths attributable to social factors in the United States is comparable to the number attributed to pathophysiological and behavioral causes. These findings argue for a broader public health conceptualization of the causes of mortality and an expansive policy approach that considers how social factors can be addressed to improve the health of populations. (Am J Public Health. Published online ahead of print June 16, 2011: e1-e10. doi:10.2105/AJPH.2010.300086) was multiplied by the total number of deaths in the United States in 2000 to estimate the number of deaths attributable to each social factor.
Relative Risk Estimates
We conducted a MEDLINE search for all English-language articles published between 1980 and 2007 with estimates of the relation between individual-and area-level social factors and adult all-cause mortality. Individuallevel social factors included education, poverty, health insurance status, employment status and job stress, social support, racism or discrimination, housing conditions, and early childhood stressors. Area-level social factors included area-level poverty, income inequality, deteriorating built environment, racial segregation, crime and violence, social capital, and availability of open or green spaces. We identified these articles to extract RR estimates from independent samples that could be combined through meta-analysis to obtain summary RR estimates for the relations between each social factor and mortality.
The included studies presented data sufficient for calculating an estimate of the association between at least 1 of the social factors of interest and adult all-cause mortality, using unweighted counts, RR estimates, regression coefficients, or mortality rates. For studies that concerned multiple levels of analysis, we included only those that appropriately used multilevel analytic methods. Figure 1 summarizes the studies that we considered, included, and excluded. We excluded articles presenting results from studies conducted outside of the United States, those limited to participants with a history of disease or using composite measures of socioeconomic status, and those that did not use adult all-cause mortality as an outcome measure. We also excluded review articles, articles providing insufficient data to calculate RR estimates, and articles presenting data only for proxy measures of the social factors of interest. This left a total of 120 eligible studies.
Further criteria for inclusion in the metaanalyses included the presentation of SE or other variance estimates to allow calculation of an approximate 95% confidence interval (CI) for a dichotomous contrast in the social factor of interest (e.g., low vs high educational attainment). Additionally, RR estimates unadjusted for potential mediators of the relation between the social factor and mortality were desired; however, this requirement was relaxed for estimates of the effect of area-level social factors since nearly all estimates in the literature were adjusted. Finally, we decided a priori to limit meta-analyses to social factors for which at least 3 RR estimates from separate studies were available.
We extracted RR estimates from the remaining 60 studies for the following factors: education, poverty, social support, area-level poverty, income inequality, and racial segregation. Because meta-analyses must be conducted on nonoverlapping samples, 34 we excluded an additional 13 articles because they provided only estimates for samples already represented by other articles. When multiple articles provided data for the same sample, we selected estimates incorporating the largest sample size, the longest duration of follow-up, and the fewest restrictions on the sample in terms of age group or gender; additionally, we preferred estimates incorporating person---time data from longitudinal studies. The final 47 studies used in the meta-analyses are summarized in Table 1 . From each of the 47 articles, we extracted unadjusted RR estimates if provided; otherwise, we calculated RR estimates using unweighted or weighted counts, regression coefficients, or mortality rates according to standard methods. 34 The cutpoints used for dichotomous contrasts for each social factor, which are summarized in Table 2 , were based on definitions most commonly used in the included studies and the literature on these social factors more generally. When possible, we extracted age-specific estimates for 2 broad age groups, those aged 25 to 64 years at baseline and those aged 65 years or older at baseline. Although some evidence suggests that the relation between the social factors of interest and mortality decreases with age, 19 most deaths occur among older individuals. Altogether, we extracted 68 FIGURE 1-Flow diagram of studies considered for meta-analyses to derive summary relative risk (RR) estimates for each social factor in relation to mortality. Sample from which the estimate included in the meta-analysis was obtained; age refers to age of the sample at baseline. For studies providing estimates for area-level social factors (area-level poverty, income inequality, racial segregation), the number of areas included is also provided when possible. The range of years for each study reflects the earliest year of baseline data collection (at which the social factor was measured) through the last year of mortality follow-up. Area-level poverty defined as residence in a federally designated poverty area.
estimates from the 47 articles, as summarized in Figure 1 . We calculated summary statistics for each social factor using Comprehensive MetaAnalysis version 2 (Biostat, Englewood, NJ). We used random-effects models for all summary estimates, taking into account unmeasured heterogeneity in effect estimates across studies and allowing greater weight to be given to studies conducted on smaller samples than when using fixed-effects models. 34 
Prevalence Estimates and Mortality Data
Estimates of the prevalence of each social factor in the US adult population (aged ‡ 25 years) were obtained from the 2000 US Census, 75 ,77 except for the prevalence of low social support, which was obtained from the Third National Health and Nutrition Examination Survey (NHANES III). 76 To derive prevalence estimates, we used cutpoints as similar as possible to those used when calculating dichotomous contrasts for each of the included studies. Table 2 summarizes the definitions and sources of data used to obtain prevalence estimates for each social factor, and prevalence estimates for each factor are presented in Table 3 . We obtained the total number of deaths in 2000 from all causes by age group from the National Vital Statistics Report. 81 Because the average duration of follow-up for studies providing RR estimates for samples aged 25 to 64 years at baseline was 10 years, we included deaths among persons aged 25 to 74 years for this age group, which was similar to the method used by Hahn et al. 30 
Calculation of Population Attributable Fraction and Sensitivity Analyses
We calculated the population-attributable fraction (PAF ) for each social factor using the following formula:
where RR is the summary RR estimate for mortality derived from the meta-analyses described and p is the prevalence of the social factor in the US population in 2000. The population-attributable fraction represents the proportion of all deaths that can be attributed to the social factor (i.e., the proportion of all deaths that would not have occurred in the absence of the social factor). 19,82---84 The population-attributable fraction was then multiplied by the total number of deaths in the relevant age group to arrive at the number of deaths attributable to the social factor in that age group. We conducted sensitivity analyses to assess the robustness of the summary RR estimate for each social factor using alternate cut points or multiple categories (e.g., tertiles) rather than a dichotomous contrast in exposure levels. Table 3 provides the summary RR estimates and corresponding 95% CIs derived from meta-analyses of the relations between each social factor and adult all-cause mortality. RRs for mortality associated with low education and poverty were higher for individuals aged 25 to 64 years than they were for those aged 65 years or older; for example, the RR was 1.75 (95% CI =1.51, 2.04) for poor versus nonpoor individuals aged 25 to 64 years, but the RR was 1.40 (95% CI =1.37, 1.43) for poor versus nonpoor individuals aged 65 years or older. Adverse levels for all social factors considered were associated with increased mortality, although the RR of mortality for low education among those aged 65 years or older was not statistically significant (RR =1.23; 95% CI = 0.86, 1.76). Table 3 also shows the population-attributable fraction for each social factor. These fractions ranged from 1.7% for area-level poverty to 11.5% for less than a high school education among those aged 25 to 64 years. From these population-attributable fraction estimates and mortality data, we estimated that approximately 245 000 deaths in the United States in 2000 were attributable to low education, 133 000 to poverty, 162 000 to low social support, 39 000 to area-level poverty, 119 000 to income inequality, and 176 000 to racial segregation.
RESULTS
Our sensitivity analyses showed that the summary RR estimates varied in magnitude but not direction depending on the choice of cutpoints and categories for the exposure. Among those aged 25 to 64 years, summary RR estimates for the relation between low education and mortality ranged from 1.17 to 2.45, those for poverty ranged from 1.20 to 2.39, and those for low social support ranged from 1.08 to 1.54. For area-level poverty, summary RR estimates ranged from 1.10 to 1.15, those for income inequality ranged from 1.14 to 1.32, and those for racial segregation ranged from 1.47 to 2.54. Complete results of the sensitivity analyses are available from the authors upon request.
DISCUSSION
We found that in 2000, approximately 245 000 deaths in the United States were attributable to low education, 176 000 to racial segregation, 162 000 to low social support, 133 000 to individual-level poverty, 119 000 to income inequality, and 39 000 to area-level poverty. These mortality estimates are comparable to deaths from the leading pathophysiological causes. For example, the number of deaths we calculated as attributable to low education is comparable to the number caused by acute myocardial infarction (192898), a subset of heart disease, which was the leading cause of death in the United States in 2000. 81 The number of deaths attributable to racial segregation is comparable to the number from cerebrovascular disease (167 661), the third leading cause of death in 2000, and the number attributable to low social support is comparable to deaths from lung cancer (155521). Our estimates of the number of deaths attributable to social factors can be loosely compared with previous estimates, although our approach differs methodologically from prior efforts. Woolf 31 Although our estimated population-attributable fraction for mortality attributable to poverty was 4.5%, roughly between these 2 previous estimates, our estimate of the number of deaths attributable to poverty (133000) was higher than the estimate by Hahn et al. This higher estimate is partly because of differences in age stratification and the use of deaths among all races rather than those among Whites and Blacks only, 30 and partly because we estimated deaths for a later period in which there was a greater number of deaths overall. By contrast, our estimates of the population-attributable fraction for mortality associated with area-level poverty (1.7%) and with income inequality (5. 1%) are not directly comparable to those reported in previous studies, which looked at excess mortality in neighborhoods with medium and low levels of socioeconomic status (encompassing a broader array of factors, including educational level and median housing value) 33 and at the percentage of mortality in areas with high levels of income inequality that could be attributed to that income inequality.
32
Several issues should be considered when interpreting these findings. Limited availability of data from US samples prevented us from considering some social factors and, in some cases, forced us to base our RR estimates on small numbers of studies. Previous analyses 1, 2 also relied on small numbers of studies in some cases to derive their attributable risk estimates; we suggest that our approach of conducting a systematic meta-analysis allowed us to capture the relations as accurately as possible. The 6 social factors considered are highly interrelated; thus, deaths attributed to each factor are not necessarily mutually exclusive. In addition, in the absence of stratum-specific estimates we could not assess possible heterogeneity in effects, and when only adjusted RR estimates were available we likely underestimated the true number of deaths because the RR estimates on which we based our calculations were derived by controlling for mediating variables rather than confounders. Our methods assume that the relations between social factors and mortality that were estimated in the 1980s and 1990s, when most of the included studies were conducted, still applied in 2000, the year used for our prevalence and mortality data. Although subgroup analyses we conducted suggested no differences in the relation between each social factor and mortality in different time periods, others have suggested that disparities in mortality by socioeconomic status have been increasing during the past few decades. 85 Our meta-analytic results are only as valid and reliable as the studies upon which they are based. Although many of the RR estimates used in the meta-analyses were derived from national samples, some were conducted in specific populations or areas of the country. These samples may not reflect the target population--specifically, the adult US population--used to calculate the number of attributable deaths. The measures and definitions used to operationalize the social factors of interest were not always consistent across studies, although sensitivity analyses suggested no substantial differences in RR estimates when using alternate cutpoints. Additionally, the approach used to calculate the population attributable fraction is not strictly valid in the presence of confounding or effect modification, although it may provide reasonably accurate results in practice despite methodological limitations. 83, 84 We used unadjusted estimates and stratified by covariates whenever possible but were restricted to adjusted estimates for the area-level social factors considered. The extent of the potential bias in our estimates depends on whether there is residual confounding present in the adjusted estimates and the degree of effect measure modification. 86 Although the bias in the presence of confounding alone may be predictable--incomplete control of positive confounding leads to an overestimate of the RR that translates into an overestimate of the attributable numbers of deaths--it is difficult to predict the direction of bias when there is heterogeneity in the RR estimates. 83 This difficulty reflects a methodological limitation inherent in using adjusted RR estimates to derive population attributable fraction estimates: residual confounding and effect heterogeneity will affect summary estimates of the RRs and lead to bias in the populationattributable fraction estimates. Ultimately, however, this concern applies to all studies that rest on meta-analytic techniques, including the ones that we build on in conducting this work. One conclusion that can be drawn from our work is that individual study results may not be useful for synthetic analyses such as ours unless these studies provide detailed data summaries and subgroup estimates in addition to the final, multiply adjusted estimates. Finally, we limited our analysis to structural social factors that are largely features of individual experiences or group context. We did not consider stress processes that may explain the link between social factors and mortality. In many ways, stress processes may be considered a mediator of some of the factors we study, so we accounted for them. However, stress processes may also mediate the relation between other ''nonsocial'' factors and mortality, so we might have underestimated the contribution of social factors to mortality in the United States. This analysis suggests that, within a multifactorial framework, social causes can be linked to death as readily as can pathophysiological and behavioral causes. All of these factors contribute substantially to the burden of disease in the United States, and all need focused research efforts and public health efforts to mitigate their consequences. j
